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PREFACE 


Tin miioiir niiiiiiiiMtrtfi li.n mdinnii.illv' brrii rrj:ardt'<l .n j rofiitji* friini 
l>.'l!iiiii.ii III ihr ,111 .it list rt-iciiilt tirtiniic a|>|) 4 ri‘>ii iltni 
dir nid' hr pmir ,iiu{ in ^ninr pofitiltoii rll*i\‘ I'xtrrd 

rlinvf iiiiuloorv .Alilioii^l) ill Ijiiilt iriiipcrair diid unnli rlitiutof imliior dir 
<|iuilii\ will lie riiimderaliK ifTeiicrl U\ rMPToal air (fiiahtv anil niciriirnlnttrul 
Iiiiiiltiifiin. ilic lifjfrre <if tiilliieim- will lar^rlv be depriidatii upon btiiltlitij! 
■ l< •■n;,! mm'liir with m'iiiiI,iiiiiii .iiid dir iiniilitioniiiK p^actiit v 

HiMiiru alb. iniliMir air ipialuv prnbii’itn liate .ibfaM cJtiMnl. fur r\aii)pfi' in 
lilt' Inriii I'f mould and ainrli-n^aiioii furmaiioii. iraniiiiii^itiii r>f rt-jpiralile 
ilivra'iw anil prodiiciioii of roii»bini«m bv-producii; liowever. ptilliitnm 
Ijmhleiiit ha^e iiiK'ii'iried over ihe part nvo dcradfi. Such dcierioraiinn in 
indoor air qnalirv ij likely to bo real raiherihan a reneciionofan iitcreasinftaUiliiv 
111 iiuMtiirc irate ptillutaiiit and inav larftely be attributed lo the iinplementaiinii 
Ilf einriri riiiuervatioit ineajurer in iiiaiiv building] Iradtti^ in a reduciiim in 
M- 111 I la I ion ciMiilitiird with the iiiirodiiriion of an incr rasing miniber of nnihiMio 
iiiiiKTi.ib liomwhicha release ornaporanon of xolatileiaricaiiic'ionipoiiiidMiiav 
otctir, 

The lange of substances which mav polUite the irtdoor air it diverte and 
sources of pulluianis may be natural as well as anihropogeitic in origin Potluiains 
of concern include volatile Organic compounds, produas of combuitinn. 
mineral fibres, radioactive radon gat and biological coniaminaiton by 
microorganisms and allergens. In additioa a variety of more localised problems 
relating lo occupational exposure to indussriat pollutants may be encountered in 
ihe workplace 

This book addresses the scientinc. design and health aspens of indoor air 
quality. Each chapter has been compiled from a number of thematically 
coiisisieni presentations made at the Indoof Air Qulliry and Ventilation 
Conference held In Lisbon, PonugaL between 24th and 26ih April 1990 under 
the auspices of the Technical Committee including ;J.J. Amaral Mendes. 
C. Aubertin, R.M. Harrison. F. He. Y.S. Kins, C.B. Leslie. S. Liao, P. O'Sullivan. 
R. Perry, F.J, Pircs Santana. 8.R. Revcrenie. F.J.C. Roe. E. Tsani-Bazaca and 
.\1. Wongphanich. 

The editors gratefully acknowledge the work of this Committee. 

F.W. Lunau 
C. L Reynolds 
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JO ■••■#!» tT» ui 

pu* ouot^s** bv^i(aao«upu pu* bUT^CM U3oq UT *ut 4 V 3 p^p6u*att4 ^no^jbnojV) pai 9 npwop 
bvt jt i m00 pvaJod*^ awoiavbT^aoAuT **43 ^04 '’•wittdbfu 04 uoT^TOO*^ aiuaA^vaauos 

SXl &U|U^mj«i«p 90 •{QPdao lUMd^nb* bu^^dn* pataoTiaiudot a^io* pam twai itbiiaa^ui 
•faui JOlTJiva 9X P«4Tdwo3 'VIMOTW ai)v494t« pA’ipoo-api- 

vi suPl4*61 aaoAVl pvsanpuop 'ajaaaJiv ivTsaa^aaP ;o attrav^ doftuaaaad vt 

PO bWTJfMM fo %9a^;a am Xiaaatdaos mjom •*•••* 01 'taijbTi; 1° auiOuai puv 

*«P«oi aabuppptd *auJP4fttd buTatftt ■•MitXa buTuompuop 4 t« pua *bu 1 a«i'f3 u»k 

*&^na*d >A UbT&vibdo puv Uftihop ut aaftuajajJTO 7^ ftinPSPd i;ai94T* p«^pA4-bplA 

UI tlX fo pAtittPpap^dPi Pd OX ppidpdvp 40W tit 4;>ja.rTr parpod-i^aav^v wt ppwajjpd 
iij JO PittMvantttP «Qjj 'ppiaodta vppq a*u ut sxj ;o 

MOMvb^appAWT ou 6 u^i(ev« buT^PTaapaa avotaa^AbAi "fn uoiavftT^MJd mnz a9ui; 

*ttOTaafipp4 uana jo/ auno:>p« ptnea vaM^aXa Ovah^ fit/tvo*(iTpuo? JTa pu* 'fivTiaxTauA^ 
'bUi 4 tPU l^aJOl^a Pd 4 ^o Uot%a 4 adP pb« ubtaap •ifi Xk^\ put til 0 \ Ptaij) 

je auoT^ppa buiaowa-uoti u^ aapbuaaaad /o ainiodia aasnpaj A\x\i^i^}^^^b^9 uoliabaJba* 
jaaova >aui pp^ioya uo'^tabtaaaAui aatijaa tw) jo aaliMtu Mt ’M aafud 4Pd*A 
•U 3 wt «aatap fXX paa*iaoaaa auTaosyu aua jo %{& i(t*a*«rT rojddr avq) u^oua aAtt; 

aavpai^pdap PPnaa«Q pu« eia 03 PlJtaad* *1 41 p*n»d«q (SU) oaooa o^otqoa Tt^upuruoJiAu* 
Jo joaafi'iput PUa aa poXoidp* ton putsooiu psrgd 4 od»^ ‘asi/bTij 9 ia«Mop *s'n tjo 

ijfjpjia OOC^CCll Pua *OOS-i,CLt ^OOS*(Cil paTPcq-Ap^jvu fo *uiqt3 i«6u«a*a<i ut vuiiooiu 

aif\|d JodtA ;e aauMMjnaaaai waij aiinapj paaaaippt i\\ aaiJaa atua ul aiodaJ sauJaa agl 


NOii^naoxiMi 


*a/ajajTa aga jo auoTaoaa fiuiaPo<* put bu:ao«*ucH: ui pajAttM KdAfl put 'dsa 
*autaosaV |o auoTaa^auaouoO uaanaaq <sg' 0 > d) aa^uAjai;?? latoiji'Jbta X*ia*’r)atavaa Aa 
u«ou* aa« ^li uo uaT>Bb«jb*a jaaoaa jo asajja am -^liM^oadvaj ■ « £>■ 9^ pu* ' 9 'a: 

ajiA auatlOap buTa^* uf a at/iuasgao utau siaaiag^iJr buTputv^aai-JoJ / ^ ( bai a^atiia/ 
' « b» I put 'St *c*r a-apA puoiafipa bg^acuagou ui MdA/l put 'ds>i 'aui-)cPTu ;o 

auOTia^luasgoP uta« ^fip^paatQS jo auiqta JBbu*««td ut paut«j*^*p 

AJii^ jattaw aatin4i9J*d pu* ‘(dst) aa^sTajfd pap'LAdanf arquidia-i 

'auiaoatu JO auoi >B4 luaouoa MfUl a^oat o^otgoa 1 a ^u•ufuo■x 1 au« o-^ ••jn«i>diia aaBaaa ci 


Ad>napr« 


> S i1 'laSKi <> d >S.^ 1U/vU'V’lrf»rfO 1*“^ V 

> t .1 '4*l»lir flM|l*f»'l «|llJ«S 

'•*»*l*U«i*7 «/tpr>i«uy f ^ y fP rm^ »»:•'> ftrp l 4 nr^- 

.V->»lf4 3 »* !►>•' -i»^H »•*'“ r I ‘ig C» r *v 

a a t\ ... h i a .. %s >% ..m q -i 

II ■JJV'^D^IV IVlD-aBIN'KOl) dO SNIHVD a3D.\3SSVd 

NiHiiAt .u.nvn'b aiv no hnoivs ODDvgox 

IVXNHWNOaiANH JO XD 3 JJ 3 JO N 01 XVWI±S 3 


■'3p^: 'sn 'Ll 8iiui wej 

< ;r ‘-(J’; <q psjrsia^ 

•s •■-- /e;j 5 jli 5 i(^' 

3 3UON 






f I 




Inv**tt^4t kon» «'«r* p*rl6rMid dur^n^ P»g>ifc<r in on* ft^AILK-lOO 4n«t lhri« 

:00« Oft ftoft>»iop. r«g«ilftrly «eh«flMl«4< «f*ik««tr co^inadlkn^ rark fMnnMyi 

?oiyo (VAfiikU ftftd HOn^ Ktn^ ip«a Tk^U DkIVJt-tOOft |T47UP*jOOl M«« ••«tip; 

ckpiCkii«» of H2 drd jfc3 pa««ftftqtrit r*«p«ct 4 w#iy. 

A;%Aow9h eoftfttrvetatf *l di|f»T*nk ttMft fro* MAy l^>0 (o ItfeJ. in« iMifi 

?l?LM>lO0 and -^00 aif-frift ki^diad ft«va KVAC ftfOtAMO tP* «A*t AAilQft i\\. 

*y*i4A has ihfa* Air e«-ULt innkis^ un^tt f*«4in« Intb a *«MheA tliMdMf . An 

ino pianun cnaiaMf sioai te fiv« nr rontfitioftirif tent I lAelufttt in« coditpii, 

lonak }| i, «nd 4, kisa (Mtadn^af «aPin on 1^4 MLn itvtlj Aft4 innai l» tn* ^iafikfoi 

vADkft gn Kf\m wpp«r d*ck. Air ctft ba rd«|Mwlkl«4 MltRlft I fl»«n lint, hut 4* htvlf 
r«c;rcvi4t*d tlid cabia and tAi pltnuu 4huiMr« 

ihkn t n« paaotn 9 dr c«^4Ai « l r aniif» f roa hl^h on IA« tiOi wiUli flowi lovtfi 

t Ng ctn^gf of tna etbift wnari \\ corivir 9 <i| 4n4 cMn floua io^n trvi saei iienf tria (Idir 
to tft« wAi^g. Ac cn« tna «ir iLvwdai, on« portion •■itino thfovoh iho oiOi vont* 

kftto tho iQMur cargo oaoportaionc tnd tfso othif rliinf ce )aiA tho inoooinf oir froo 
««iIiftg-Lovol ducto. 

Tfto M)or •ahauot routu Lo trirouih outfiokc otWoi loiitoi In tH* «ft uintroi oroi of 
tfto fuooiogo. Air Iroo tho poaiongor othin roicMo choii tilvoo by ttiwlAg into tho 
iido^wail grillag nocr tn« o«ain fioor on4 aovinf oil thfoaigh tho iMOp vopfo 
eooptrthoikt > hh»n *u thPM Hr eondltlontn^ pothi tyt in opiittlofi, - ilr. Ii «iKiy«io4 * 
II ihodt 330 ■’ oln" by thli routo. Anochac oont iyitM. ohicn aorvoi tM lioAtirtoOk 
tjAiiayc and oihguotg about 30 •' oin'* Litcly, o M^V MOont if lir Uivtt 

>ha cAbiA Through hinor laaAa, oeourrlng prLiaorlly at 4bor ■ooLo* Dorlnf tho 
knvaat igai. Ion, ill throo air coAOltlonLitg poeta oporotod iUt«Mti<Al2y At roll rAio 
throughout ouory flight, ianod on tho OAhAiiAk flow riloi iiontifiOd Aboa-Oi o •aa&mo 
rlov rat* aso m' »in' thro igh th« gobin 1 a proAUMd. 

Boeauta iha alreriift 4ialgn eauAAa Air to M tohnn LA ogaovhtt aoro rtpldly by tho 
flocr-'iavol gciUoa ih tho aft aactiena thon by tM floor*3ouol grltioo In tho fon«of4 
aartlona* thora la a ■L;ghi t^andoney fir thO goftortl aIP WOSAAt LA thO CAiln to hi 
fra* front to foar. ?rjAr tflo gonortl dlroetion oC oir KArOkigh fehi iiilA it A 

diagonal ■pvaoont fro* coiling to floior uith A t*Aii voloeity fro* tho front of tho 
cabin to tho raar. 


Tvo aajBpiinij locjciana wuro ra-ndoaly aoloctod for aach Of ino four flighta- Tho 
0 i Bt r Lbac iQn gf agapling locatkono uoo two lA ftrat eiaao and four in AACh of tho 
DuaLnooa end oconoay claoaoo with ogual nuoboira Ln oooking and noft^aafiklhg aoctieoa of 
■acn elooo* uiodow and buithoad aaaca woro not choaAn bocouoA of tho peaoihiilty that 
..Ail affoita {41 would load to biaaod oatuuiAi of ARpeiuro. 

Two aagipLoo woro gollactod at oaeh location go flLghto botwoon Mow Yorh Aa 4 Tokyo- 
Ceiioctiork of tho firot oaMpXo hogth Aftar Kho ilriroft doerA uoro eloiod tnd ontfod 
About Aid way Into tho flight, whon coHoctLoa of tho aocohd toapio otartod. CPllootioo 
gS cna o«BQr>4 oaopio onood uhan tho aircraft dooro wor« op^ood upon orrivai at tha gato. 
cn fikghto botwoon Tokyo and Hong Ring* only ono aaoplo wia eolloctod at oath location. 

FI Ight crowd woro infsrooil of tho invoacLgatlon boforo oach doporturo. flight 4Ato *^rc 
ODtalnod and cigaratto hutta w«r* coiloctwd ot tho ond of oach flight- Rircraft wore 
riaanod by Mlntananco poiaoitnd bofaro tho aaoplLng toao boirdod oach Clighc,. 
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•If iyit**! tP*SS •* I Si -•r« -*■•<! to eon*et i.nt«gr»t»d 

of Vtffot pj>Aflc HW, ^^4 fcrtiS i<5 niter CO« t•n*p#rAt>if#i 4n4 64ftf i'S 

pT«Hurf, Tr>* PSli i* »n ir«4 .wnpung 4*v»c«. pi^r#4 frjK e«ce«i-»** *nO ^mmiqamd to 
App«ftr *• *n ordtH^ry DurifiQ op^rstkon, th« r#A4iAi clo#»d ond t n* 

noitm It ki 4l•p4re•pC kbk* ii*i t»* (ADin. Trs* bri«fet»« •■t«rkor inelud** «n on^ 

c-tt Awkt^n po«;tior«d und«r tn* n*niil« *nd irilti 4ftd •irksuii port! poSitiob«<J 

dLAi«'»trictUy *t tM <opn*rt. *dd«ii nftfd«4r* if bf*** \o ■•teb t«* figr»*i 

fifktfctit n 4 rdw«(*, 7 b« «bc«a ra«tur»a ara tfvtandad to raduca tna poaak&Likty that 
•aR^pkxnq *-ill ifttlna^ca tn# franwkor ©t paaaangart. 

Tha PASS w4a t«atadi to aMtird lAai ktt opcrAiton wovild neb mtxfkrt alch Aviontci. 
T»4t riauUa abow«d that tna ^ASs cenlomi «ktn PadariL AvUtion AOakntabrition 
apackfLcabkona. 

far aa/opking kn ttia aircraft, aac^i PASS wAi plACtd uprLQhb Ln Lbt ••ilQndO and 

a©cur«d witn a •••( (miv (aatenad through itl hafidit. tn tM« petition bho SM$ »4»pl*d 
at cla»« •» poaaiDLa to tha eraatlMrig tenta of pattongert. Sach PASS wa© Attanded by 
on* Minbar of tha aunplmg iian to prtvani kla Minq dkoturtwd and to aaaure that aacn 
iwaa'uraMnt Mgan and andad on 

Tna tMthod ua*d to aaxapla nieottna h«a b*«n dttcrlbed Odfdrt \ l\% Nt)er co^penantt of 
tha aaJKpLing ayaiaia ineludo a aarbanl tupd contALAlng M-4 r«tln <SRC tnCi* ttgncy- 
four, PA| oennaccad oy r^iboar twoing to a cenattnt*fio^ daiaplinq puep <SKC fne.) 

at 1 L ain' . Parti^ulaia natttr aainpLoi k^re eeiloctad by tho iMthed ddtertbdd 
Dv ^onrmt *t m 1 . i 91) thia a^thed waploys A lyltM eo**pfl*Lng 4n uapsetor ■epAfttlng 

• t ).S »A> 4 filLof iatAisblr coniiknlno A n-mn Pluoropero awmbrAni filter wlin a per© 

lilt of 1.0 ^KkLkport. corp., itofere, KA|< tnd ■ oenarant»f ipw AAPipUng puep |S>C 
me.) opetAttd at 1 L ©in‘. Pvapa OAllsrata^ and tfttr Ae»ple tellectien 

.^ith a fiid flow Mtar. SteplAa kMfa InvA'.idAted if cAlibrAiLon checbi theutd 
dok'katiori* trvm aytraqa grtatar iO*. 

CQ tsnLtoring lyAte** war* dAvAlepad by addlfying coataACdiAliy AvellAblA, pAttlv* 
lanAora to operat* with aAapllng pwapA (7. •). CO dtteCtort m^^Arenldi* P. A. • 

Sain*«vtila, CA> ar« fittad with tArtplLnq llnaa And AMpimg pu*pe (Oilldd* Xn«.< Utyna, 
hJ\ and pffovldt.l with a <raitAga«r©gwlat«4 powar aupply tO MlntAin conAtent durinq 

• AAplihg. t>i« dett^tcr La inttrfAAdd to * Mtereleqqer fCAApbeU leieftiifke, me,, 

began. UT> proqrwwbd to record doto eien oinutt. Ptcerded dete ««c« trenelerred to 
CAAtettA tape and then to « pertonai ce«pirter for Antlytie. ca ■omtering were 

calibtabed elth gaeeouA itAndarda btfoco and aittr aaeple collect ion, 

^ na^VtlCA ^ tPBeeduf 

Nlcotlna WAP gwantifiad with the eethed deeerlbed by Ogden Ud • nicotine 

coDteted on raain la deaorbed In 9 oL ethyl acetate Centakninq 0*01A fa/vi 

trlathyiaeiht. which heutraUaaa acidLc aitee on tucUcea of analytkcal glaedware. 
Analyaea are parforeed with a Nodal SIKh gaa cKrttMtogrApb equipp«l with i nUroqbd- 
•alactiue detector iHewiett^Ptcbard, AeondAle. PAj. Chromatography ki done on ■ SO e 
X C.S3 M Uiida dlAMtar. fuaed ailiea eapilliry eelumn coated ekth a oiyron tH* 
of t)l“S phenyl eethylpel|elloaanc| (ijaw Sckentiflc. Xnc». felaom. CAl . ^knollne 

le eoployed •• an ifiternei atandard. for each aaeple, the front and rear ao^nta el 
itO*a raain ac* an*lyted aeparetely tO eeaeea breaAthreughi none eea obeecved. 
OarorptLon efflcierey waa quantified by the eethod deaeribed by the ti.l. Petibhel 
of oceupation*I Safety and Wealth fWtOSK) {ID* The fileotlne pettiod hae been 
cOllaboratlwely teeted 113|. 

UP waa quantified «raai*etrieaUy aceording to eeihed deeetkbed Conner 
Plltera with and without saeplaa are conditioned at room temperature and SOt relative 
hueidlty lor at leaet 12 heute pefoce weighing, sxetlo chargee are removed by holding 
filtere and awplee under an anti->ttacic device fStaticeeater* NOdel NO. SvtoO, Nuclear 
producte CO.. «1 NOnta, CA| for at leeat on© einute before oeen weighing. Weight© ac© 

did 
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wat ^Mantkfioo •« dvacr^bod by CsAnor at al. {9|, Aftar P9P kt t}»t«rain«d. 

• ipiplo «no filcar ara antractad witn 4 ikL MiriAAOi and * sC'kL ali<fwat of th« ••traci 

in*«ctad into a coluAnloaa liquid ehromatoqrapbiC ayscaa aqwippod wiCA an 
daiacior ^Masurinq aoaorpcLon sc 37S m. Maaaat of LfVpM ara coaipwtad fron • atantf^r^ 
raliaraiion cwrwo Oarivad fro« a aariaa of tTS eoncantfaciena praparad i.n an 

• nvi, roMMntal cnaA&ar rlJ). for tho work roportad Karo. taachOAOliC aoluciona of 
*.2'.4.r« tatranydr 4 iyt>oniophanona {^idrtcDr MiNowkod, v]) wora yaad aa aocondary 

• lanaarda rf|« inqaOrathaan at, f I. ft, ]4) oava aOown thaa raaulia froo asp «f>d WPk 
* mihodi ara wAbiaaad ralativa (o raawlta froia piaioolaciric oalaneaa. 


HKSULTS Xm DllCUJIIOlf 

Tibia 1 praaanta raautta fro* datarfilrtav Lon« of condantratIona of nacetlna, ksp, and 
iryPH in nona*oking tat) and aaoking adctiona (SK Claataa of aarvica arat firai eiaaa. 
fClaaaj avacwtLva* taoei and aeonediy« Icon, fikghta ara idaneifiad aa fellowm fUgnc 
It Tokyo ko Nong song/ flight t, Monq long to Tokyoi flight $* Now fork to Tekyor and 
Miphi I, Tbkyo to Haw fork, Otta invalldatod Mcauio of aalLbration roauico ara 
daaignatod hot ivailaklo (NA|. 
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Th« 00 ■«rkltorIn 9 ayaioM provLda^ r>o valid dat«, Kapar«a#nt* 4«rM «ft«r thtt aiydy 
ahowMl t.ha% loM ralaelva h^MldiKy lavaka, aacH aa *aiat*d in aircraft Cafrlnir 

aabatantLally aHottan th« werklnc lif* of tn# 03 aanaer ua»4 by the fh$t. Had 00 data 
a*an obcalnad. ie sicht hava b««fi pcaaioia to addraaa laauca racardlrt^ Irrltatlcn and 
annoyance fron aapoauc* to STS. 

CoodfMaa of fit coata vara ward to aaa*** fore af the ccAtantratlon data. Haaulta 
irvdkcata that t 0 « I 09 neraai diaarib««ton daacrltooa tba data toottaa then tb* nonaal 
diatribytlon. Table II providoa* by aact»oiv. auaaary atatlatlca InaiudLag tna 
and -jinr■trtr Mana* aaniauB and vaiuaa. and nunbor of aaiq^laa. 
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•n>Lr>*i •ii<playin 9 itjtovk «•» Ian* !■ 9«*1 tSf <klf«i«nt*t Miv««n Milt 
cone*ntr«tiDni ibotn ipitrwn«ii« q«oMiiist ftf ItlMlinit iS^* ili4 VJV«iH Mllwfi# |tt 
«act LO^■ Afii or aorvLtoi Roiotti LMliitt M iRillilliilty ikiRirkffiM 

Oiiroronco |P k 0.»1| tn centantrit 1 »M •( ITI IMlfltOi* ht«M«n iliitat •( Itiotio. 
7iai**by-i*<tlen intarieiLont iCUti • (aettaR) llaa wait (ouM Ml la ba iltnitlianl 
IP * o.ot) tor ina tnraa indtcatori. itiiiiiliilly lifRiUctnl ailiapiAtat art laawa 
bacaain iMhkni and r>«n-aa«akM aacitent (ar niaaiLna, Rip, iM WPH, P-*it«aa lar 
anakyaaa ot tita toy tranarotMd'raaukta <ra aa (allcaaai nttailHa, P a 4,0Mtl UPi P 
- o.ooili and i/vpH. P ■ 0.0001. P*aaltiaa lar iRa Ran«tfintier*aa raawlta ara amkari 
nieetl.na. P • O.OOOll RIP. O.OItll iM WPR, O.OOIti 

Tha (LRdlno that aaokar aaaraaatloR radocai aapaaura Ot pallORQapo aaaiaO iR RoRa 
BMkLna aactlena la conaiaiant uith raaulta tro* invaailfaitaRO papfonMt |R nappM* 
cedlad ilrcrilc (1, II. 11, IT). R44liLanally, iMo flitOlRO la In Una irlih IM OatlfR 
and oparacion at vsntllation apataaa (or I141LII~100 and >104 airtrad wfclah ara OaaifRad 
to prcvio* aoro th«n 11 Air tfhAn 9 *A p*r nour* 

ciaaB'byaaetlon intaractlon atatlallea e4R iROlaita IptR^I (A (Tl lORfanlralliRt oalH 
(coa flrat claaa to aronoap olaaa. Tha abiaoeo a( aifRKlaoRt ilaat«»T>aa€llM 
Incaraotlsn alao la conalatani wltlt ika Oailfn al tha vantllatlOh ayaiaai alt la 
intondod la bo unltoraty dtatrlbvtad thrayanava tha aahln ■llh IlM RaHnf ^aOaalhaRtlp 
rroa colling to (loer with littla (ora to aft •nvaMRi. 

t 

Nicotin* TtAuitA A 9 r«« wLti> tfioA« pcAviouily In •onnafltlon vlth 

CAblnA. MurAriiAtAu at . ill, U> uA«d p*r»onAl id MlUft flltdilM* ^ 

Th«y r#portd4 ifLtnMtke hah coneAntfAtlMi Of liJtl tnd 1«l a 9 d li Moilnf otitt ono 
non^AiAAiitng Atoitp r«Ap*6tiv«iya Th* w»An nLcoiino tofw«ni(Atkani for iho iM oooiiono 

w«ro •iotlttloAlly di<f*r*fn i 9 s OtOlJ ootiLor InvoitlgtilOA (]| of 

300. iUT^SOO. Afvd AlrerAft r«port»d gMMirld adAft AlOOttnn OOnddnirAliMO 

ot 0.3’A9 In MkoWLng MCckona «a 4 (.5 >9 d* IR nOA*MOllkfm •Mtloni* MOkiiOMllTf 

■titiACleil AnAly««a «AoMd thAt th* dkff*rAnc« batwddn nLdOikno «ancAAtvAti»nA ■dMnfO^ 

LH thtt AdCtioAB w«« AidAlflAAnt, 

nsr r«AttlX« t9V Ar* tidliAr to ilWOO )ekAtly r9p09to0 Oy itM 0*io 

DApArcwBAt ot MOAkxA, tducACkon Kiwi W«if Ato (OHCW) AfiO tt.O, DoportddAt of Trano^tOtioA 
iPOT| <19). for that knvAAtkOAtion. ASO eoncontrotkoAB YAApod trdiA noA* dotOOioO to 
130 p9 o* Mktn AA aritivoocie maa of AO 19 a\ ioCfl ildllAtfity lAight Od lipOfttO 
bBRAasd kho OHfW/OflT lAVditlgAtAd wkil9*Mdk9d tlrcrnfta WMvdtp tH«M kAvdttkgAtkdAt 
word pdrforwd kn lt7l ohon Adoting ddddgrApRkcd mko diffdVdAt nnd Mlort 
proMk 9 Atk 0 A of rogwlAtkOA* AdgrBOAtkAg ihod* kho OmBii Cot codpACidOA U 

kloitod. 
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li«jn ConC4»'ttf4t }ona of RSf artd a^rva eloaaiy. TMl La capactad in was* 
of tfi* a^aanea of ai^nificant aoiircta of n9W aLYMr witnin or ootaLda of tM aic«ra(t. 
wicA tfia aacapcion of ITS. tha dltfaraneaa batman qawaaifid Man eoneantrationa of 
WPn «nd asp Maayfod in aaiobtn^ and non*aMliino aactiona aw^gaat that bicl^roaod 
«or>«antr»e lana «f ndP m (Da aoaanea of CTS ran^a MC^aan J and f ^9 aV 

ftaaulca raportaO (or MaaawraAanti condye\ad in fioii'*aaoain9 aaetiona do no% rapeaaarvv 
no ■mohing condiciona. On aavaral orcaaiona during tha kfivaati9at«on, paatangara aaatao 
vn non-aiaoiiirig loetkona #a(a obaarvad took mg. Thdoad* Cha highoat eoneantrationa of 
nieotina. %SP, and JVPH found in non-anoamg aai’uoni arg iiaodiitdd with }uat aucn a 

fItw*clon. 


Taola rn git^aa inforwation on nuMOara of paatangari an^f aaoliLnf ritoi for tha four 
(ligikta. SMakng rttaa ara fairly uoiioria* ranging f'ao O.SI to 0.17 aigaraita 
paaaangar' n'. u waa daairtd to guantify aaoiilrig rattt id tam of olfarottoi Moaing 
paiaongar' h'l hova«ar. oecurranca of aaohing Ln non^Molilnsi aOKtiono prooluOM iueh 
coopkitotiona. rrc« data raportad by tha DHC^/DOt (ll| In MOOlhO riifO OC 0<4 
•fld 3.4 cigatatta paaaangar' h' an eotaputad far doooatit fligKta and for 
cranacentifiantal (lighta inuolying Military paraonnoU caapoctivaly. A ooeking rata 
of 0.735 ckgaratta paaaangar' h* ia calrulatad froo data raportag In 1041 by half^anny 
and 5tarratt «lf]. fhaaa rataa ()4« \f\ ara highar than thoaa oaiawrad for tKa O^OOOnt 
tnvaattgation, aa aight bo axpoctod. owing to changaa in iaehLng dodographlco that hava 
oceurrad atnca thaaa aarliar oaaauroMnta war# rapdrtodi 


TtDla izt. 3oe-:ing 

hta Data and v« 

laulia 



f L Iqhc 

aaopiing 

tiao. Min 

total 

no. 

paaaangara 

no. 

cif.r.tt.t 

aooklM Pato, 
rlgt paaaangar' h' 

Naw Tort to Totyo 

787 

■ 170 

4t« 

0.3a 

Tokyo to Hong Hong 

2*4 

2*3 

104 

o.n 

Hong tong to Tokyo 

30] 

]i7 

2*7 

0.21 

Tokyo CO MOW York 

117 

a« 

204 

0.14 


Tha ASP and hkdotino data ravaal ona Of tha ILaltationi Of MO to AiOOtlM rotloa tfh«n 
uaad to avaluata raaulto (30|. hapaea and LoMcay <211 aoiyiao ah Mf to AldOtlAO ratio 
of to oatLMCO ASP gonaantraciona froo oongantratlona of nlaDtino Baaaurod Ln 

aircraft cabina. Data for tha praaant atudy gi*a a ratio of 4tl« Pactoro Offoctlng 
both larma of tha ratio can axplaln ihla diffaranaOi for ground Xaagl anairenaonta, 
tha ASP tars of '.ha UP to nirotina ratio ganarally will bo olaood high, ovoraatlMting 
Its, bacauia ASP doaa not apportion for tTt. Xn oontratt to groultd laval anairohooMO, 
eaneantratlona of ASP In aircraft eablna aro affoetod lata by non*ttt aoorcoai 
conaoquonoly, CM MP toro of tho AJP to nlcotlM ratio ahooid bottor indicota CTI and 
tha ratio ahould tand to bo laaa chan that for ground toval anvlronoonto wMca tha 
danaity of aookara la alAilac. 

Laatly, 80 appraeiabla bacAgrouod concaAtratlDii atcributabla to doaorptloh of hlcotiAa 
frM oalla and fabrlca oighc aalac withift CM aircraft cabinoi hititough MiCMr o« nor 
othor raaoarcMrt Aa«« Invoatigatod tho niaetlM bacAgrouM lA olccrofc oabiaa, pudy 
al. { 22 } found a haakgrownd eoncantratioo of a^roaiMtoly 1 wg mi* in a roacnurant 
hnring an jdloLning bor, HLghar bachgrouMl coneantratlOAO of nicotino oight baiac In 
aircraft eablna ct^pa'*^ ^o ground IotoI aaairOnoonta aueh aa offieaa and raatauranta 
boeauao aircraft cabiAa Aav# a graatar donaiCy sf Mdbora wMfO MBhlfig tlft occur 
contLciuoaaiy and a graatar aurfaca to voIom ratio. 
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9 r*t«fullT th* cMkpHriCion kns psrtictpsTteH af J«pcH Sir tIMS. H« #i«Q 
•kpr*ii spprseistisn (sf actisitictl pre«iS«4 by vsltsr Nar^sii sM Bslls* 
Jonnsen «np rat t*cnnictL •••lacanrs prealbtd by tn« Sosinp CoaMrciiL ElrplSM CMSpsn^ 
»nd by Jobn OraXV, ELnsLly, xba authora thabS Hr» DOdflaa APPsy (Or hit StSLltanco in 
cuLlactlrvg asApioa, 
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C.l- oldaaor Itl and r.R. Conrad, Jr., rnriTBn, Sei, Tafftoe)., Tl, Tt4-yyi 
U»ID). 

L.H. Eudy, r.x. TboM. b.i.. Naaknar, C.K. Sraan, and b.j. Indaoaattiaan, 

rroraadinoa_ al _rxa 7ain annual Haattna—Bt—I M —Bix—foilutlen eanaaai 

aaabgiac inn, papar aa-ii.7, MLnnaapoDa, KH, J^na its*. 

b.j. Eatsuoh. e. lannar, s.L. Mosnsy, D.I., IsnhetOHw, O.t. Italnar, i.s. 
Hanaan, j.o. Lajau. t.a, Lawia. and M.L. latoupn, yrecaadPiaa or rS# 7ar;^ 
AjiumsI. Haatipa_a( tna Air raPutinn eonttoi Aaaociatton. papar S*-*l.>. 
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